Introduction
According to the World Health Organization, schizophrenia is a severe mental disorder that is characterized by distortions in thinking, perception, emotions, language, sense of self, and behavior.
1 While schizophrenia affects about 1.1% of the population in submit your manuscript | www.dovepress.com
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Pilon et al the United States, 2 its burden in terms of health, social, and economic domains is important and affects not only patients but also family members, caregivers, and society 3 largely due to the chronic, lifelong nature of the disease, and the frequent occurrence of relapses. 4, 5 Hence, in the United States, the overall cost of schizophrenia in 2013 was estimated as $155.7 billion. 6 Antipsychotic (AP) medications are recommended as first-line treatment for schizophrenia and are classified as first-generation antipsychotics (FGA; or typical APs) and second-generation antipsychotics (SGA; or atypical APs). 7 For each generation, both oral antipsychotics (OAP) and long-acting injectable therapies (LAI) are available. 7 SGA have been proven effective to treat acute psychosis and are often preferred to FGA because they may be more effective at reducing the risk of future psychotic episodes 8 and may be associated with fewer extrapyramidal side effects. 7, 9 In practice, both FGA and SGA are used in the management of schizophrenia. However, despite a wide range of available medications, poor AP adherence remains a key challenge in treating patients with schizophrenia and is a main driver of disease relapse. 10, 11 Given the importance of poor adherence and that it may, in part, explain relapses, there is a need to better understand factors that may influence adherence to AP treatment, including the choice of AP therapy.
LAI require less frequent administration than OAP (eg, once or twice monthly vs daily), illustrate effectiveness for the prescribed duration (eg, 1 month) without further action from the patient, and demonstrate compliance via direct monitoring by a health care practitioner. Although a recent meta-analysis of randomized clinical trials (RCTs) did not find that LAI reduced relapse compared to OAP in patients with schizophrenia, 12 various authors have argued that RCTs may not be the most appropriate setting to assess medication adherence in patients with schizophrenia, since patients may be more likely to adhere to treatment in an RCT than in a real-world setting due to higher levels of monitoring and various incentives. [12] [13] [14] [15] Hence, in a meta-analysis of mirror-image studies (ie, studies comparing pre-post periods of OAP vs LAI use in the same patients), Kishimoto et al found a strong superiority of LAI compared to OAP in terms of preventing and decreasing the number of hospitalizations. 15 Several observational studies have similarly demonstrated improved adherence and reduced re-hospitalizations associated with second-generation long-acting injectable therapies (SGA-LAI) versus OAP. 13, [16] [17] [18] In particular, a recent study of Medicaid patients by Marcus et al found that both firstgeneration long-acting injectable therapies (FGA-LAI) and SGA-LAI (in particular SGA-LAI) were associated with benefits in terms of adherence and re-hospitalizations among a population of recently hospitalized, non-adherent patients with schizophrenia. 18 In the context of the current literature, there remains a need to better understand the real-world impact of FGA and SGA-LAI in a broader population of patients with schizophrenia and a need to account for recently approved SGA-LAI (ie, aripiprazole LAI). The present study compared treatment adherence and persistence, as well as treatment patterns, in a population of Medicaid patients diagnosed with schizophrenia between patients initiated on FGA-LAI or SGA-LAI and patients initiated on OAP.
study design and patient selection
A retrospective longitudinal cohort study design was used to compare treatment patterns, adherence, and persistence in adult Medicaid beneficiaries with schizophrenia who initiated an FGA-LAI versus an OAP, and those who initiated an SGA-LAI versus an OAP. The FGA-LAI cohort encompassed fluphenazine decanoate and haloperidol decanoate, while the SGA-LAI cohort encompassed aripiprazole, olanzapine, paliperidone palmitate, and risperidone. Specific LAI agents were identified using NDC codes for prescription claims and HCPCS codes for medical claims. OAP medications included both FGA and SGA and were identified as medications with a generic product identifier beginning with "59" and with an oral route of administration. To be included in the study, patients were required to meet the following criteria: 1) have at least two pharmacy/medical 
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Treatment patterns following long-acting injectable versus oral antipsychotics claims for the same LAI or at least two pharmacy claims for the same OAP agent within 90 days starting from January 1, 2010 (the date of the first claim was defined as the index date) with no claims for the same agent in the previous 12 months, 2) have at least two diagnoses for schizophrenia (ICD-9-CM codes: 295.xx) during their continuous Medicaid enrollment, 3) be at least 18 years of age on the index date, 4) have at least 12 months of continuous Medicaid enrollment prior to the index date (baseline period; ie, pre-index date), and 5) have at least 12 months of post-index continuous Medicaid enrollment. Continuous enrollment for each patient was identified prior to sample selection and was defined as the longest period of continuous enrollment during the study period (2009) (2010) (2011) (2012) (2013) (2014) (2015) .
Treatment cohorts (FGA-LAI, SGA-LAI, or OAP) were defined by the agent initiated on the index date. As per the definition for treatment initiation, patients had no baseline use of their index AP. However, patients were permitted to have other baseline AP use, most accurately reflecting the real-world patient population. Each patient contributed only once to the analysis. Outcomes were evaluated during a fixed 12-month observation period including and following the index date. Baseline demographics and clinical characteristics were evaluated during the baseline period.
A sensitivity analysis only comparing each LAI cohort with its respective generation of OAP (ie, FGA-LAI vs FGA-OAP and SGA-LAI vs SGA-OAP) was also conducted.
study outcomes
Outcome measures included index medication adherence and persistence, as well as treatment patterns compared between FGA-LAI and OAP patients, and between SGA-LAI and OAP patients.
Treatment patterns evaluated during the observation period included the number of AP prescription fills (for all APs and for the index AP only), psychiatric medication use (other than the index agent), the presence of AP polypharmacy (ie, overlapping coverage of 2 unique AP agents for 60 consecutive days with no more than a 7-day gap), and the presence of psychiatric polypharmacy (ie, overlapping coverage of 1 AP agent and 1 anxiolytic, antidepressant, or mood stabilizer for 60 consecutive days with no more than a 7-day gap). The criterion of at least 60 days of medication overlap was used to exclude short-term polypharmacy related to medication switching. The number of mental health diagnoses at baseline was defined as the number of unique 4-digit ICD-9-CM diagnoses (including diagnoses related to schizophrenia, psychosis, and substance use).
Adherence and persistence were evaluated at 12 months post-index date for the index agent. Adherent patients were defined as patients with a proportion of days covered (PDC) 80%. PDC was defined as the number of non-overlapping days of supply divided by the number of days in the observation period (365 days). Persistence on the index AP agent at 12 months was measured by assessing the proportion of patients with no continuous gap of at least 30, 60, or 90 days between days of supply of the index medication.
statistical analysis
Pairwise comparisons of FGA-LAI versus OAP patients and SGA-LAI versus OAP patients were conducted using both unadjusted (descriptive) and adjusted analyses.
Descriptive analysis
Baseline characteristics, treatment patterns, and unadjusted adherence and persistence outcomes were reported using mean, median, and standard deviation for continuous variables and frequency and proportion for categorical variables, and compared using Wilcoxon rank sum tests or chi-squared tests, respectively.
Adjusted analysis
The probability of adherence (ie, PDC 80%) and persistence was estimated using multivariable logistic regression models adjusting for the following baseline variables: age, sex, race, state, region, year of index date, presence of dual insurance eligibility, Quan-Charlson comorbidity index (Quan-CCI), type of schizophrenia diagnosis, specific comorbidities, AP adherence (ie, PDC 80%), number of unique mental health diagnoses, number of AP agents, use of AP and concomitant medication, presence of AP polypharmacy, total pharmacy costs, total medical costs, the number of mental health institute visits, and the number of 1-day mental health institute visits.
All analyses were performed using SAS software, Version 9.3 of the SAS System for Windows, SAS Institute Inc., Cary, NC, USA.
ethics approval
As this was an analysis of claims data, institutional review board (IRB) approval was not required. Per Title 45 of CFR, Part 46.101(b)(4), the administrative claims data analysis of our study is exempt from the IRB review for two reasons: 1) it is a retrospective analysis of existing data (hence no patient intervention or interaction) and 2) no patient-identifiable information is included in the claims dataset 
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Results
Demographic and clinical characteristics
A total of 23,776 patients with schizophrenia met all inclusion criteria. Of them, 20,478 (86.1%) were initiated on OAP, 1,089 (4.6%) were initiated on FGA-LAI, and 2,209 (9.3%) were initiated on SGA-LAI. Two-thirds of patients initiating an LAI were initiated on an SGA-LAI (Figure 1) .
A large majority of patients initiated on OAP received a second-generation OAP (78.7%), while the most commonly prescribed agent among patients initiated on FGA-LAI was haloperidol decanoate (70.3%), and the most commonly prescribed agent among patients initiated on SGA-LAI was paliperidone palmitate (65.6%; Figure 1 ). The most common first-and second-generation OAP agents initiated were haloperidol (50.7%) and risperidone (24.4%), respectively ( Figure 1 ).
On an average, patients initiated on SGA-LAI were younger than those initiated on OAP (42.2 vs 44.8 years; P0.001), while mean age appeared similar between FGA-LAI and OAP patients ( Table 2 ).
Treatment patterns
Adherence and persistence
Figures 2 and 3 illustrate the observed (unadjusted) results of adherence and persistence to index treatment during the 12-month follow-up period.
Before adjustment, a higher proportion of SGA-LAI patients were adherent to index medication at 12 months (PDC 80%: 27.2% vs 24.6%; P=0.008), while a lower proportion of FGA-LAI patients were adherent at 12 months (PDC 80%: 15.8% vs 24.6%; P0.001) compared to OAP patients (Figure 2) . On an average, adherence to the index medication was higher for SGA-LAI patients (mean PDC: 52.1% vs 49.8%; P=0.007) but similar for FGA-LAI patients (mean PDC: 48.2% vs 49.8%; P=0.160) as compared to OAP patients (Figure 2) .
Similarly, persistence to index medication at 12 months measured by no gap of at least 30 days was higher for SGA-LAI patients (no gap 30: 23.7% vs 20.6%; P0.001), but lower for FGA-LAI patients (no gap 30: 13.6% vs 20.6%; P0.001) compared to OAP patients (Figure 3) . Persistence using no gaps of at least 60 days and 90 days were similarly higher for SGA-LAI patients compared to OAP patients (no gap 60: 37.1% vs 30.2%; P0.001 and no gap 90: 42.9% vs 36.9%; P0.001; Figure 3 ). Using gaps of at least 90 days, persistence was higher for FGA-LAI patients compared to OAP patients (41.2% vs 36.9%; P0.004; Figure 3) . Given the differences in baseline characteristics observed between cohorts (Table 1) , multivariable regression was used to generate adjusted comparisons between SGA and FGA-LAI patients versus OAP patients. Figure 4 shows adjusted results on adherence and persistence to index treatment during the 12-month follow-up period. After adjustment, patients initiated on SGA-LAI had 24% higher (Figure 4) . Similarly, SGA-LAI patients had 31% higher odds of persistence (no gap 30 days) compared to OAP patients (OR: 1.31; P0.001), while FGA-LAI patients had 45% lower odds of persistence (no gap 30 days) compared to OAP patients (OR: 0.55; P=0.501; Figure 4 ). Using definitions of no gap 60 days or 90 days, patients initiated on SGA-LAI had consistently higher odds of persistence (odds of persistence 46% and 35% greater, respectively) compared to patients initiated on OAP (OR for no gap 60 days: 1.46, P0.001; OR for no gap 90 days: 1.35, P0.001; Figure 4 ). As for patients initiated on FGA-LAI, they had similar odds of being persistent as measured with no gap 60 or 90 days (OR for no gap 60 days: 0.95; P=0.501; OR for no gap 90 days: 1.13, P=0.071) as compared to patients initiated on OAP (Figure 4) . Similar results were found when comparing adherence and persistence outcomes in each LAI cohort with its respective generation of OAP (ie, FGA-LAI vs FGA-OAP and SGA-LAI vs SGA-OAP).
Discussion
This retrospective study of nearly 24,000 Medicaid patients diagnosed with schizophrenia initiated on AP medication in AP polypharmacy is defined as having overlapping coverage of 2 unique AP agents for at least 60 consecutive days with no gaps larger than 7 days. c Psychiatric polypharmacy is defined as having overlapping coverage of 1 AP agent and 1 anxiolytic, antidepressant, or mood stabilizer for at least 60 consecutive days with no gaps larger than 7 days. Abbreviations: AP, antipsychotics; FGA, first-generation antipsychotics; LAI, long-acting injectable therapies; OAP, oral antipsychotics; PDC, proportion of days covered; SGA, second-generation antipsychotics; SD, standard deviation. 2010 or later reported that patients initiated on SGA-LAI were more likely to be adherent and persistent to their medication than patients initiated on OAP, while such difference was not as clear for patients initiated on FGA-LAI. Patients initiated on SGA-LAI were also less likely to use another AP medication and less likely to have AP polypharmacy during follow-up compared to patients initiated on OAP, while FGA-LAI patients were more likely to have AP polypharmacy compared to OAP patients.
The finding that initiating SGA-LAI over OAP was associated with improved adherence and persistence is consistent with the recent retrospective study by Marcus et al who 
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Treatment patterns following long-acting injectable versus oral antipsychotics compared AP medication adherence and re-hospitalization in a population of 3,428 OAP versus 340 LAI Medicaid patients with schizophrenia with a history of non-adherence and a recent schizophrenia-related hospitalization. 18 In that study after adjusting for observable characteristics, the authors identified that SGA-LAI patients were 68% less likely (OR: 0.32; P0.001) to be non-adherent and were significantly less likely to incur a gap in treatment of more than 60 days (OR: 0.34; P0.001) compared to OAP patients. 18 Generally, the present study found lower rates of adherence (16%-27%) compared to the study by Marcus et al (32%-53%). This is likely explained by the longer observation in the present study (12 vs 6 months); adherence rates at 6 months (data not shown) were more similar to the range reported previously. However, other factors including differences in the underlying patient population may have also contributed. The present study, which included a larger and broader population with schizophrenia and used more recent data with newer SGA-LAI agents, further supports the finding that SGA-LAI is associated with improved adherence and persistence over OAP in real-world clinical settings.
However, the present study did not find evidence to support that FGA-LAI also confers a significant improvement over OAP in terms of these outcomes, which is in contrast to the study by Marcus et al as well as other studies that suggested that FGA-LAI may reduce the risk of treatment discontinuation and may improve adherence as compared to OAP. [18] [19] [20] [21] After accounting for baseline characteristics, FGA-LAI patients in the current study were found to be significantly less adherent to medication than OAP patients, and persistence compared to OAP patients varied depending on the minimum gap of treatment used (the smaller the gap, the less favorable was the outcome for FGA-LAI vs OAP patients). One possible explanation for the discrepancy between the present findings and those presented by Marcus et al may be related to differences in the patient population; Marcus et al limited their sample to patients with a schizophrenia-related hospitalization and recent nonadherence to oral APs, suggesting that their population may have included more severe, non-adherent patients than the present study. In addition, while Marcus et al demonstrated that FGA-LAI was associated with better adherence compared to FGA-OAP, the comparator group of the present study comprised 79% SGA-OAP. SGA-OAP may have a favorable side effect profile compared to FGA-OAP, potentially explaining why the present findings were less favorable for FGA-LAI compared to those by Marcus et al. One meta-analysis of observational studies has also demonstrated variability in findings of studies comparing FGA-LAI versus OAP, with some studies reporting better, worse, or no difference between treatment groups for outcomes such as relapse and discontinuation, supporting the notion that such analyses are sensitive to the patient population and study design used. 22 Results from this and previous studies therefore suggest that SGA-LAI may be associated with greater impacts on adherence versus OAP than FGA-LAI, although future investigations are needed in order to make more direct comparisons, particularly for outcomes subsequent to adherence (eg, relapse and re-hospitalization). While both FGA-LAI and SGA-LAI are administered less frequently than OAP, which would be expected to improve treatment adherence, we hypothesize that the side effect profiles of FGA versus SGA, in particular the higher incidence of extrapyramidal symptoms associated with FGA, may partly explain observed differences in adherence and persistence. 23 These results are of key importance particularly given that poor adherence to medication is an important driver of relapse in schizophrenic patients 11 and that relapses are associated with a significant increase in health care costs mostly due to institutional visits (ie, hospitalizations and emergency department visits). 24, 25 Reasons for poor adherence to AP medication in patients with schizophrenia have been largely investigated and include, in addition to factors related to the medication itself, lack of illness awareness, direct impacts of symptoms, social isolation, comorbid substance misuse, stigma, and the increasing fragmentation of mental health services in many countries. 10 LAI can help overcome several of these barriers to adherence by alleviating some of the burden of treatment delivery experienced by the patients and reducing the frequency of administration. They are one rational approach to addressing non-adherence issues. 26 As a matter of fact, several real-world studies showed the positive impact of LAI, especially SGA-LAI, as compared to OAP, on hospitalization, health care resource use, and costs. 13, 15, 16, 27 Lastly, the current findings also demonstrate that while patients initiated on SGA-LAI were more adherent and persistent to treatment than those initiated on OAP, they required less use of additional psychiatric medications such as APs, anxiolytics, antidepressants, and mood stabilizers. The observed reduction in polypharmacy associated with SGA-LAI further substantiates this. In addition to reducing medication-associated costs, these findings may also suggest that SGA-LAI patients may experience less of a burden related to concomitant medication use, including fewer side effects and lower risks of drug-drug interactions, which could increase health care costs and resource use and have negative impacts on AP adherence and schizophrenia symptom management. 
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The current study was subject to certain limitations that warrant mention. First, the Medicaid data used in this study came from only six states and may not be representative of the United States, other states, or non-Medicaid patients. Second, administrative claims data, including the data used in this study, may be subject to missing data, coding inaccuracies, and residual confounding between treatment cohorts due to unmeasured confounders. Third, claims-based adherence measures such as PDC or persistence do not account for whether the drugs dispensed were actually taken as prescribed. This may overestimate patient adherence, especially for those taking oral AP medication, for whom we assumed that they take their medication correctly (eg, one pill per day), whereas for LAI, the duration of effect for one injection is independent of any further action by the patient. Fourth, results did not account for the pharmacokinetic profiles of different LAI and OAP agents. Specifically, because LAI typically have longer half-lives, patients receiving these therapies may still have active treatment up to several weeks following their last dose 26 unlike patients on OAP who typically no longer have significant active treatment after a few days. Therefore, gaps in treatment used to define discontinuation may need to be longer for LAI than for OAP to be clinically meaningful. Of note, these latest two limitations are expected to have a conservative impact on the findings of the study. While health insurance claims data do present such shortcomings, they remain a valuable source of information because they contain a fairly valid and large sample of patients' characteristics and outcomes in a real-world setting. Fifth, this study used an intent-to-treat approach that did not account for treatment switching or discontinuation after the index date. In particular, the impact of LAI on adherence may have been underestimated due to LAI use among OAP patients during follow-up. Lastly, the OAP comparison group in this study comprised patients initiated on both FGA and SGA-OAP, with the majority having initiated on SGA-OAP (78%). This comparison group was constructed based on observed treatment patterns and is perhaps more representative of patients treated with OAP in the real world than a population matched to each LAI cohort by generation of agents. To assess the impact of comparing each LAI cohort to a mix of FGA and SGA OAP, we performed a sensitivity analysis of adherence and persistence outcomes that only compared each LAI cohort with its respective generation of OAP (ie, FGA-LAI vs FGA-OAP and SGA-LAI vs SGA-OAP) and found similar results.
Conclusion
Among Medicaid patients with schizophrenia, initiation of SGA-LAI was associated with better adherence and persistence as compared to OAP. Conversely, initiation of FGA-LAI was associated with poor adherence and similar persistence when compared to OAP. Additionally, patients initiated on FGA-LAI were more likely to have AP polypharmacy during follow-up as compared to patients initiated on OAP. The present study adds to the growing body of realworld based literature that shows the benefits of SGA-LAI over OAP, in particular in terms of adherence to treatment and, thereby, treatment efficacy. Further studies are warranted to understand the impact of these AP treatments on clinical and economic outcomes.
